the overburdened healthcare service providers in South Africa struggle to cope, strategies to prevent chronic diseases of lifestyle (CDL) risk factors remain a low priority and adequate care and prevention of CDL are becoming an increasing public health issue. (4, 6) AbstrAct 104 tHE HEArt of SowEto Study
South African National Burden of Disease, CDL were the leading cause of death, followed by HIV/AIDS, injuries and other infectious diseases in the year 2000, and the prediction is that CVD might be increasing by approximately 150% by the year 2020. (4, 7, 8, 9) It can be expected that in the early stages of the transition, people in higher socio-economic positions will carry the highest risk of CVD and other NCDs. However, indications are that as this transition progresses in developing countries, it is the most vulnerable members of society, the poor, who are affected the most. (8, 10) Of concern is the fact that in developing countries, CVD is occurring in younger individuals than in the developed countries and as the epidemic advances, the poor are affected the most in both developed and developing countries. (1) Poverty cannot be described in simplistic terms, because it is a multidimensional phenomenon with ideological and political, governance, social, economic, environmental and biological (health) components. It is often characterised by a lack of freedom, education, capabilities, opportunities, employment and equity and results in insufficient sanitation and food supply that leads to malnutrition (both under-and over-nutrition), and increases the risk for developing CVD. The effect of this is felt most by communities with low socio-economic status and living in urban areas. (3, 8, 11) 
Soweto
The South Western Township, later named Soweto, was developed in the proximity of Johannesburg, South Africa, approximately 100 years ago. It is home to one of the largest number of urban black Africans on the African continent. (4, 12) According to an official census done in 2001, the number of people living in Soweto was approximately 1 million people. This number is rising, as there is a steady influx of migrants. (13) It is a population in transition, with old squatter misery and new prosperity existing side by side. (4, 12) Data on the population of Soweto has shown a low prevalence for CVD and the underlying risk factors. (4) This might however be changing, as several studies have shown that urbanisation and the nutrition transition in South Africa is accompanied by an increase in the CVD risk factors in those of African descent. More data is however needed to determine whether this increase in CVD risk is related to urbanisation per se, or whether socio-economic position influences the nutrition transition and related increase in CVD risk. (8) The World Health Organisation (WHO) has estimated that people living in developing countries, such as South Africa will be affected twice as much, and even more, by non-communicable disease than in developed countries, with poor people living in urban settings being the most vulnerable, thereby increasing demand for chronic disease care and prevention. (11) Thus, studies to investigate the emergence of heart disease in developing countries and among risk populations like the predominantly African, urban population of South Africa are of extreme importance.
the Heart of Soweto Study
The Heart of Soweto (HOS) study was established at Chris Hani Baragwanath Hospital, Soweto, South Africa. The aim of the HOS study was to investigate and to describe this emerging problem of CVD, and especially heart disease, amongst the urban African population in Soweto, who presented for the first time to a tertiarycare centre. (6) This ongoing project has confirmed our worst fears in terms of the CV risk profile of this community in epidemiological transition and the likely consequences in terms of deadly forms of advanced disease. Through a monthly series of "Heart Awareness Days" we undertook community screening of voluntary adult participants in Soweto (>1 500 subjects in total) and found that only 22% of participants had no risk factor for CVD. Moreover, awareness rates of heart disease and its risk factors were extremely low. The most prevalent CV risk factor by far was obesity (43%), while up to 70% were overweight; an observation that is consistent with other community-based surveys in the region, with far more obese women than men (23% versus 55%: OR 0.24 95% CI 0.19 to 0.30: p <0.001). The fundamental importance of this finding should be emphasised. In a culture where low weight is either associated with the stigma of malnutrition or, worse, HIV/AIDS, it is difficult to educate individuals and the wider community about the dangers of excess weight. Indeed, the general lack of weigh scales both in the homes and healthcare facilities of Soweto are a major challenge in managing obesity even when an individual is committed to losing weight. A further 33% of subjects in the "Heart Awareness Days" recorded elevated blood pressures whilst 13% of participants recorded an elevated (non-fasting) total blood cholesterol level with minimal difference between men and women observed in this regard. Consistent with the importance of our findings in relation to the weight profile of participants, being either overweight or obese was significantly associated with elevated blood pressure, and raised cholesterol levels. (13) In addition to monitoring risk factors at the community level, within the constraints of limited resources and a chaotic township environment that prevented a more orthodox approach to risk surveillance, we established an advanced clinical registry for all patients attending the Cardiology Unit of the Baragwanath Hospital servicing Soweto and surrounding communities. (6) In 2006, this registry captured a combination of demographic, clinical, investigative and treatment data from 4 162 new and returning patients.
The majority of new presentations (n = 1 593 / 38% of all cases) were subject to a systematic screening programme with an echocardiograph. Overall, we found a broad range of CVD (predominantly advanced heart disease) in the 1 593 new cases that comprised mainly black Africans (85%) and women (60%); the latter being slightly younger than men (mean age 53 ± 16 vs. 55 ± 15 years: p = 0.031) with almost a quarter of cases aged <40 years old overall. Data from the HOS showed that CVD risk factors was high, with 56% of cases diagnosed with hypertension (47% of which were also obese) and almost two thirds having multiple risk factors. Compared to the rest of the cohort, those of African descent were far more likely to be diagnosed with HF (OR 2.36, 95% CI 1.74 to 3.21: p <0.0001) but far less likely to be diagnosed with coronary artery disease (OR 0.10, 95% CI 0.07 to 0.14: p <0.0001). Apart from the 310 cases (19%) with a primary diagnosis of hypertension, most were "late" clinical presentations with established heart disease and multiple etiologies. The four most common diagnoses overall were hypertension (total of 897 cases -56%), HF (844 cases -53%), valvular heart disease/dysfunction (360 cases -23%) and coronary artery disease (165 cases -10%) ( Figure 1 ). Those patients diagnosed with valvular heart disease being on average more than a decade younger than the remainder of cases. A further 10% of cases were diagnosed with concurrent diabetes and/or renal disease. Perhaps due to the fact that this was an urban population and the focus on cardiologic cases, the number of stroke presentations was low: overall 145 patients (9.1%) reported a family history of stroke but there were only 64 cases (4.0%) of acute stroke or stroke as a secondary diagnosis. (14) In contrast to a lack of stroke cases, it was clear that advanced cases of HF was a major feature of this study cohort. Consistent with the overall pattern of presentations, black Africans predominated (88% of cases); being far more likely to be diagnosed with HF (OR 2.36, 95% CI 1.74 to 3.21: p <0.0001) but far less likely to be diagnosed with CAD (OR 0.10, 95% CI 0.07 to 0.14: p <0.0001). (12) In contrast to reports from high-income countries, (4) (5) (6) of the patients attending the cardiology clinic at Chris Hani Baragwanath Hospital, there were more women than men (57% of cases) and the average age on presentation was 55 Overall, 180 (23%) patients had isolated diastolic dysfunction, 234 (28%) tricuspid regurgitation, 121 (14%) isolated right HF and 100 (12%) mitral regurgitation. (12) Consistent with a different pattern of HF when compared to high income countries, (15) concurrent renal dysfunction, anaemia and atrial fibrillation were found in relatively fewer cases overall representing 172 (25%), 72 (10%) and 53 (6.3%) cases, respectively. (16) In addition to establishing and evaluating dedicated management programmes to specifically focus on the many patients who present with advanced heart disease in Soweto, as part of the HOS, we have initiated a specific programme of research that addresses the potential interaction between HIV/AIDS, its treatment (highly active antiretroviral therapy -HAART) and CVD. As such, South Africa is not only facing an epidemic of CVD but also suffering from the current HIV pandemic with an estimated 5 million South Africans infected, 1 million having AIDS and 500 000 HIV-related deaths annually. (17) Infection itself may predispose to premature atherosclerosis through endothelial dysfunction, a heightened pro-inflammatory state and dyslipidaemia. (18) After a slow start, South Africa has since 2004, started HAART on more than 500 000 patients. Currently, Johannesburg and Soweto have one of the most effective implementation programmes. Paradoxically, from a treatment perspective, protease inhibitors have the potential to induce an adverse metabolic phenotype including dyslipidaemia and insulin resistance, endothelial dysfunction and a prothrombotic state leading to atherosclerosis. (18) However, this has not been examined systematically in a larger population in Africa. Data are urgently needed to be able to plan cost-effective screening and management strategies to combat the interaction between the two different but contemporary epidemics in low-to middleincome countries.
Overall, therefore, we found multiple challenges for the community of Soweto and surrounding regions, from a combination of high levels of modifiable CV risk factors (with the exception of lipid disorders) and surprisingly high levels of advanced and deadly forms of heart disease affecting predominantly younger cases and women. Apart from a clear need to develop tailored detection and treatment strategies for those individuals unfortunate enough to develop clinically detectable forms of CVD, these data from the HOS have highlighted the importance of redoubling our efforts to prevent CVD in order to truncate what is shaping up to be a devastating epidemic in vulnerable communities subject to the profound effects of epidemiological transition.
IdentIfyIng some of tHe cHALLenges fAced In tHe preVentIon of cVd In A Lowresource enVIronment
Given the relative burden of CVD in low-to middle-income countries, it is unfortunate that most of our knowledge surrounding its prevention and treatment is derived from high-income countries with predominantly Caucasian populations. An ever-expanding body of research has facilitated the development of expert guidelines (e.g. those produced by the American Heart Association/ American College of Cardiology) to provide a comprehensive guide for the primary and secondary prevention of CVD. (19, 20) Regardless of the environment, one of the key issues that continue to drive debate over the best way to optimise the primary pre- approach. (21) Although the targets for secondary prevention are easier to identify, there are clearly many similar issues to be addressed before our approach in high-income countries, is optimised. (22) Any consideration of CVD prevention has to begin with the collation of risk factor and CVD profiling via community surveillance programmes and collation of mortality and morbidity data wherever possible. In terms of a broad prevention strategy, both a "population-based" approach (reducing the burden of disease in the whole community while providing only small benefits to each individual) (23) and a "high-risk" approach (providing greater benefit to the most vulnerable individuals while offering limited benefits to the majority of the population -some of whom may derive immediate marginal or longer-term benefits from being actively treated) (24) have been advocated and both have some relevance to resource-deficient countries depending on the most prevalent modifiable risk factors and the type of intervention required to modify them.
In practical terms, to effectively prevent and manage CVD in any environment there needs to be a balance between "populationbased" and "high-risk" approaches and a threshold for defining those at "high-risk" with adjustment of that balance (i.e. not an all or nothing approach) to reflect the circumstances. In low-to middle-income countries, an environment of limited healthcare resources makes the "high-risk" group approach a natural target.
However, in such countries, there is often no organised programme or scheme for screening and detecting these "high-risk"
individuals. (24) The primary care sector (in whatever form), therefore, plays a critical role in providing effective delivery of costeffective interventions for CVD. The barrier for most low and middle-income countries is that human resources and infrastructure capacity at primary level is unable (and in some cases instructed by governments and health departments) to upgrade their healthcare facilities to screen, diagnose and effectively treat the emergence of chronic conditions when confronted with the burden of infectious disease and other historical conditions.
A multidrug regimen to address the most common risk factors has been proposed to be both cost-effective and reduce the occurrence of CVD by half in high risk individuals. (25) (26) (27) The indicate that for an intervention to be cost-effective in a particular region or country, it should be less than three times the gross national income per capita (GNI). (17) Poor access to quality healthcare services
Adding to the burden of chronic diseases, is the still persistent social and economical inequalities in South Africa due to past legacies of racial and gender discrimination, people having to work away from their homes and the resultant destruction of family life, income inequalities, and increased rates of crime and violence.
Inadequate access to good-quality health services is still a reality for the poor due to financial constraints, having to travel far to healthcare centres and poor care from the healthcare system. (5, 7) AddressIng some of tHe cHALLenges fAced wHen conductIng reseArcH In A
Low-resource enVIronment
As described above, like many other parts of the world in sub-Saharan Africa, the process of urbanisation has led to an increase in inexpensive treatment regimens for both primary and secondary prevention such treatments are frequently under-utilised in low-to middle-income countries. (28, 29, 30) Issues relating to lack of awareness of CVD, basing decisions on accurate risk factor profiling and the cost and complexity of developing systems of care to apply these seemingly cheap and simple options remain under-utilised even in high-income countries clearly need to be addressed if their potential is to be realised in truncating a rising epidemic of CVD in vulnerable communities.
funding support
In an endeavour to address the urgently required response to emergent CVD in the developing world, the Committee on
Research, Development and Institutional strengthening for control of cardiovascular diseases in developing countries (31) outlined six broad areas for research and development that need to be addressed:
■ Determine the magnitude of the CVD burden in developing countries.
■ Develop, targeted, effective primordial and primary prevention strategies using case-control studies.
■ Reduce tobacco use.
■ Detect and treat high blood pressure/hypertension.
■ Initiate pilot studies to evaluate essential vascular treatment for effective use of low-cost drugs.
■ Develop and assess algorithms of affordable clinical care for CVD.
The same committee called for capacity building in the following areas:
■ Population-based epidemiologic research. 
A systematic approach
In order to facilitate any attempt to quantify and then respond to the rapid emergence of non-communicable disease states such as CVD in low-to middle-income countries, the WHO has developed prioritised guidelines for disease surveillance. The WHO STEPwise approach to Surveillance (STEPS) is a simple, standardised method for collecting, analysing and disseminating data on non-communicable disease states. For example, the WHO STEPS stroke system (32) focuses on gathering equivalent data on the following within well-defined populations:
■ Stroke-related deaths in healthcare facilities (i.e. major tertiary centres).
■ Stroke-related deaths in the wider community.
■ Non-fatal hospital events related to stroke.
In the absence of a specific database, this approach (across the range of CVD states) is particularly helpful and has been successfully employed in Mozambique deriving invaluable data on the burden of strokes in that country. (33) prActIcAL Africans), (34) the SASPI (South African Stroke Prevention Initiative) (35) and the Agincourt project, (36) there is much to learn from the broad activities undertaken as part of the HOS. (6) Six useful lessons learnt from initiating and developing the HOS correlates with the timing of each key development in this study and should be interpreted with the previous section of the paper firmly in mind.
Building partnerships
Partnerships with a stronger research/clinical group have come to realise that it had value. For example, when we looked to replicate the larger data sets (e.g. the Euro Heart Survey) (37) that captured similar data in other parts of the world, we realised that we were in a position to develop a meaningful system for classifying a complexity of CVD not seen or described outside Europe and North America. The mutual goal of our African-Australian collaboration is to achieve something unique to sub-Saharan Africa and the needs of the community of Soweto.
Provide an enabling environment Sufficient and reliable funding As described previously, the level of philanthropic and global funding to support public health and clinical research into noncommunicable disease states such atherosclerotic disease and CVD arising from metabolic disorders (i.e. diabetes and obesity), smoking and hypertension in low-to middle-income countries is far behind that directed towards infectious diseases. Rather than tread the well-worn path to rejection and little output, it is worthwhile considering alternative sources of funding that may be initially small but then lead to greater funding; having established a stronger application for funding via compelling preliminary data.
As such, a more entrepreneurial mindset is often required. Our novel approach to involve generic drug manufacturers who were interested in establishing a "presence" in the CVD market led to both direct funding and funding derived from their philanthropic arms. This proved useful when focusing on the community aspects of the "Heart Awareness Days" and producing "marketing friendly" products such as the study logo and educational pamphlets on heart disease.
Investing in the right people
While funding is crucial to any effort, it is worthless without the right people to support a research or healthcare programme. The 
Innovative solutions
One of the most important aspects of operating within a resourcepoor and challenging environment is being prepared to experiment and fail in order to find a solution that is appropriate for that environment. In the early phases of the HOS, for example, we introduced a system of hand-held devices to capture clinical data electronically within an inherently chaotic environment. Our key expectations were that our dedicated research nurses would appreciate the flexibility of the system, data quality would be better than other paper-based methods and that data transfer and storage would be achieved without having to employ a specific data manager. As it turned out, we were wrong on all counts and spent a good three to four months exploring this option. However, the resulting system of paper capture via a semi-automated approach to data entry (following clinical verification) has proved to be extremely satisfactory. As such, we have continued to consider the lessons of the past in designing the next phase of our research activities -a continent wide study of heart disease called the "Heart of Africa Study".
don't compromise on quality
In assessing our various systems and data arising from the HOS, we have never tolerated any excuse that would lead us to accept sub-standard outcomes. Naturally, in a resource-poor environment, potential excuses for poor quality research and healthcare relative to the rest of the world may be many and varied and often 
future dIrectIons
The prevention of CVD and other chronic diseases of lifestyle, as well as the management thereof, need to be a multidisciplinary effort with all the necessary healthcare workers involved, implemented at primary and secondary level. This should include specific risk factor profiling and trajectory of CVD in these resource-poor communities in epidemiologic transition, building on the HOS data and experiences.
Long-term projects and key objectives
In-reach programme Future long-term projects will include an "in-reach programme", to extend the successful "Heart of Soweto Hypertension and Heart Failure Management Programme" into a broader "Chronic Disease Management Programme" to the remaining ten Soweto Primary Health Clinics.
out-reach programme
An "out-reach programme" for African teenagers, to focus our research and education to a particular vulnerable group: African teenagers with poor knowledge of an affordable and culturally acceptable healthy lifestyle. As outlined above the obesity epidemic in South Africa start already in children and in particular teenagers. Obesity results in hypertension and its long-term disabling or even deadly consequences heart failure, diabetes and stroke.
We aim to establish a dedicated programme focussing on living a healthy life in children and teenagers supported by members of our multidisciplinary team. We aim to achieve this goal by using suitable, simple and youth appropriate education material.
A broader "out-reach programme", to the general Soweto community, continuing with our very successful "Chronic Disease Awareness Days", screening and documenting risk factors for chronic diseases of lifestyle and creating awareness on the prevention thereof.
The goal is the development of specific community-based intervention programmes directed towards prevention and management of chronic diseases of lifestyle in Soweto and to document the aetiology, presentation and management thereof. In addition, we plan to develop an "African Cardiovascular Disease Risk Score", intended to find application not only in Soweto, but also in other areas of Africa with an urban African population in transition.
summAry
In summary, there is ample evidence to suggest that the burden of CVD is already having a profound effect on the health of vulnerable populations in low-to middle-income countries of the world. The phenomenon of epidemiological transition has certainly contributed to the rise of CVD and will no doubt feed a sustained epidemic of non-communicable forms of CVD for the foreseeable future.
Unfortunately, in resource poor countries there is often limited scope to respond to this growing problem. This is particularly exacerbated by a lack of awareness and funding to tackle CVD both at the national and international level.
There is, however, still time to implement cost-effective primordial, primary and secondary prevention strategies in low-to middleincome countries in order to truncate the type of epidemic seen in 
